The premise of beggar-thy-neighbor policies and currency wars is that currency depreciations lead to export growth. This premise, however, is far from validated as the existing economic literature largely either fails to find significant trade flow effects of currency fluctuations or finds that these effects are only minor. We revisit the question of whether currency fluctuations are systematically associated with trade flows using rich and unique firm level Chinese customs data on China-US trade over the 2000 to 2011 period that allows us to consider firm involvement in processing trade and firm dynamics in both export and import markets. Our firm-level based estimation of trade elasticities suggest that the China-US trade balance strongly responds to changes in the CNY/USD rate. This finding is particularly pronounced when we distinguish between ordinary and processing firms. Our results thus suggest that the influence of exchange rates on trade flows is stronger than previously thought and add insights to the policy debate on beggar-thy-neighbor policies and currency wars by, at least in principle, validating the underlying premise of such policies.
Introduction
The generally slow growth rates in the aftermath of the global financial crisis have prompted several countries to pursue economic policies that are likely to depreciate the relative value of their respective domestic currencies. For example, several central banks have pursued various forms of largely uncoordinated expansionary monetary policies, e.g. the massive quantitative easing undertaken by the US Federal Reserve, in attempts to stimulate growth. These policies have been criticized for being beggarthy-neighbor policies aimed at stimulating export-driven growth at the expense of trading partners and, as such, have raised fears of igniting currency wars. 1 Interestingly, however, is the fact that the underlying premise of beggar-thy-neighbor policies and currency wars, namely that currency depreciations lead to export growth, is not well-supported in the existing economic literature as the literature largely either fails to find statistically significant trade flow effects of currency fluctuations or finds that these effects are only minor and economically insignificant. Clearly, the monetary policy undertakings in the aftermath of the global financial crisis have generated a heated debate about whether or not some countries are pursuing more or less clandestine beggar thy neighbor exchange rate policies, yet surprisingly little has been put forward in regards to whether generating export-led growth via a policy induced depreciation of the domestic currency is actually realistic and feasible. Put differently, the underlying mechanism of a beneficial beggar-thyneighbor policy, or the potentially advantageous outcome of engaging in a currency war, relies on a traditional textbook view in which a lower relative value of domestic currency will make domestic exporters more competitive and as a result will improve the trade balance (e.g. Marshall, 1923, and Lerner, 1944) even though there is no clear evidence of a systematic link between exchange rates and 1 The currency depreciating policies that may amount to covert beggar thy neighbor exchange rate policies have prompted widespread criticism. For example, then Brazilian Finance Minister Mantega in September 2010 famously accused the US of engaging in a "currency war". In January 2013, prompted by Japan's contemplation of further monetary easing, a similar criticism was launched by an official from the Central Bank of Russia, Aleksey Ulyukaev, who also warned of "currency wars". More recently, Roubini (2015) argued that "the US has effectively joined the "currency war" to prevent further dollar appreciation."export growth in the empirical economic literature. Moreover, in the current context of a highly globalized world where exported goods often contain processed imports, the net-effect of currency movements on exports and imports in particular, and trade balance and economic growth in general, is less than obvious. This is because the positive exchange rate effects experienced by pure exporting firms may be more than off-set by the negative exchange rate effects experienced by importing as well as processing exporting firms leading to a possible scenario of beggar-thy-neighbor policies resulting in a net-effect of "beggar-thy-domestic firms". As it stands, most of the existing empirical evidence on the effect of exchanges rate changes on the trade balance use aggregate trade data and find only minor effects of exchange rate changes on trade. More recently, however, studies using firm-level data to address the "exchange rate disconnect" puzzle has pointed out that the low aggregate exchange rate elasticity result may stem from aggregation bias (e.g. Dekle, Jeong, and Ryoo, 2009) . That is, estimations using aggregate data may be biased because aggregate data neglect the heterogeneous firm level responses to exchange rate changes.
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To address whether the underlying premise of beggar-thy-neighbor policies is valid and, more broadly, to bring new insights to the issue of whether exchange rate changes systematically influence trade flows we provide a systematic empirical analysis of the impact of exchange rate changes on the aggregate trade balance using unique Chinese firm-level data that allows us to bring the firm to the center of our analysis. First, following the standard decomposition method (e.g. Bernard, Jensen, Redding, and Schott, 2009, and Tang and Zhang, 2012) , we decompose aggregate trade balance changes into firm-level outcomes: the changes of exports and imports of continuing firms, and the changes of exports and imports contributed by entry and exit firms. We then examine how exchange rate changes influence these firmlevel outcomes, respectively. Second, facilitated by our detailed firm-level trade data, we distinguish 3 Berman, Martin, and Mayer (2012) analyze the heterogeneous reaction of exporters to real exchange rate changes using a rich French firm-level data set. They find that high-performance firms react to domestic currency depreciation by increasing significantly more their markup and by increasing less their export volume, and claim that the behavior of heterogeneous pricing-to-market may partly explain the seemingly weak impact of exchange rate movements on aggregate exports. Amit, Itskhoki, and Konings (2014) use Belgian firm-product-level data to show that large exporters are simultaneously large importers and that this pattern is essential for understanding the low aggregate exchange rate pass-through.
between ordinary and processing firms depending on the share of processing trade transactions over total trade values and examine whether different types of firms react differently to exchange rate changes.
Finally, we use these firm-level estimates of exports and imports elasticities along with estimates of the impact of exchange rate changes on firm entry and exit to provide a quantification of the impact of exchange rate changes on the aggregate China-US trade balance.
The foundation of our study is a rich and unique Chinese Customs firm-level data set that covers the universe of Chinese trade transactions with the US over the 2000 to 2011 period. This data set and sample period enable us to focus on the effect of the CNY revaluation on the China-US trade balance.
China and the China-US trade balance provide an ideal setting for examining the impact of exchange rate changes on the trade balance for several reasons. First, The China-US trade balance plays a major role in the global imbalance debate, thus an empirical analysis of how CNY revaluation influences the China-US trade balance may provide important policy implications in regards to how to address global imbalances. Second, China undertook a major exchange rate reform in 2005 when a fixed exchange rate regime was replaced by a managed float. Since then, the CNY has exhibited significant appreciation, i.e. the CNY appreciated by 22 percent against the USD in nominal terms from the beginning of 2005 to the end of 2011. This large appreciation of the CNY provides us with the exchange rate variation necessary for assessing the impact of exchange rate changes on the China-US trade balance. Third, processing trade has been a prominent feature of Chinese trade, accounting for about 60% of Chinese exports in recent years (Fernandes and Tang, 2012) . 5 The larger the extent that the exports of a firm stem from imported inputs, the more muted the effect of a given exchange rate movement is likely to be on the export value of a firm (and, similarly, if the imported inputs of a firm are used to produce exports, exchange rate movements 4 Since the economic reform and transition towards a market based economy, China has experienced rapid export growth, especially vis-à-vis the US. The Chinese trade surplus accumulation began in 1985 and in 2011 the USChina trade deficit in goods reached roughly USD 300 billion according to the US Bureau of Economic Analysis. Some economists and policymakers propose that China should adjust its exchange rate policy to alleviate the imbalances between China and US (e.g. Krugman, 2010) . However, according to the results of the existing empirical trade literature is far from clear is an appreciation of the CNY would have mitigated the China-US trade imbalances.
As our study will suggests, whether exchange rate manipulation can address trade imbalances depends on the behavior of, in this context, Chinese micro trading firms and how they respond to exchange rate changes. 5 Processing trade is a process in which a domestic firm obtains intermediate inputs from abroad and after local processing exports the value-added final goods (see, for example, Feenstra and Hanson, 2005, and Yu, 2015) .
should have a muted impact on import value as well). Our data allows us to explicitly consider in our empirical analysis this very important aspect of the firm and, as it turns out, show that it matters significantly for how firms respond to exchange rate movements and, in turn, how exchange rate changes affect the aggregate trade balance.
Our paper belongs to the recent and growing literature on how heterogeneous firms respond to exchange rate changes (e.g. Baggs, Beaulieu, and Fung, 2009; Berman, Martin, and Mayer, 2012; Amiti, Itskhoki, and Konings, 2014; Cheung and Sengupta, 2013; Freund, Chang, and Wei, 2011; Tang and Zhang, 2012; Liu, Lu, and Zhou, 2013; Li, Ma, and Xu, 2015) . Most papers in this literature have focused on one specific response of heterogeneous firms to exchange rate changes. 6 Our focus, however, is broader and pertains to a very different research question, namely how the CNY revaluation affects the China-US trade balance, and to do so we consider the role of processing trade and firm dynamics in a unified empirical framework. In addition, we are to the best of our knowledge the first paper to extend the firm-level Chinese Customs data set to 2011 and to use this data to empirically explore the impact of the large CNY appreciation on the China-US trade balance.
Our paper is also related to the literature that emphasizes the importance of outsourcing and processing trade in the Chinese trade. 7,8 While our paper follows this literature in regards to how to define processing firms, our focus is different in that we study how processing firms are different from ordinary firms in terms of their response to exchange rate changes and the resulting trade balance changes.
Our results show that the response of Chinese firms to exchanges rate changes (in terms of either export or import values or in terms of the likelihood of export or import market entry and exit) strongly depends on firm involvement, and degree of involvement, in processing trade. For ordinary firms with no 6 For example, Berman, Martin and Mayer (2012) , Amiti, Itskhoki, and Konings (2014), and Li, Ma, and Xu (2015) focus on the exchange rate pass-through to the prices of exporting firms. 7 Following Feenstra and Hanson (2005) , we define firms involved in processing trade as firms involved in international outsourcing thus interpreting a high degree of processing trade is indicative of a high degree of international outsourcing. 8 See, for example, Yu (2015) who explores the role of processing trade in Chinese firm productivity and finds that the positive impact of a reduction in input tariffs on firm productivity is decreasing as firm processing import share grows.
processing trade involvement, we find large export and import elasticities to exchange rate changes.
Specifically, we find that a 10% appreciation of the CNY vis-à-vis the USD is associated with a roughly 30% decrease in Chinese exports to US and a roughly 15% increase in Chinese imports from the US. For mixed firms with some transactions in processing trade, the estimated export and import elasticities are significantly smaller (approximately 13% for exports and 9% for imports). Interestingly, for pure processing firms, the negative impact of CNY appreciation on exports and the positive impact on imports are not statistically significant. Consistent with these findings, we obtain similar results when estimating the impact of exchange rate changes on firm export and import market entry and exit. Perhaps most importantly, the results of our firm-level estimation of trade elasticities show that, overall, the trade balance between China and the US responds strongly to changes in the CNY/USD rate. We find that this is especially true when we distinguish between ordinary and processing firms and, furthermore, that the strong firm-level response to exchange rate changes is driven by continuing firms adjusting their intensive margins. Overall, these results thus suggest that the influence of exchange rates on trade flows is stronger than previously thought and add to the policy debate on beggar-thy-neighbor policies and currency wars by, at least in principle, validating the underlying premise of such policies.
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The remainder of the paper is organized as follows. Section 2 provides a brief overview of the evolution of the Chinese exchange rate regime and the China-US trade imbalance in goods. Section 3 describes the data and key variables. Section 4 presents our empirical analysis and results. Section 5 discusses a counterfactual analysis of the magnitude of trade balance effects of exchange rate changes.
Section 6 summarizes a number of robustness checks. Section 7 concludes the paper. China and the US since studying the impact of exchange rate changes on the China-US trade balance is the focus of our research. 
The Evolution of the

Ordinary and Processing Trade Firms in China-US Trade
A key innovation of this paper is to study how firm-level exports and imports respond to exchange rate changes depending on the degree of firm involvement in processing trade. 15 The Chinese General Administration of Customs classifies 16 different types of Chinese processing trade. 16 Among all types of processing trade, "processing with assembly" and "processing with inputs" are by far the two most important modes of Chinese processing trade, accounting for more than 90% of all processing trade. In this paper, we focus on these two modes of processing trade and refer to them collectively as "processing trade".
For processing with assembly, a domestic Chinese firm obtains raw materials and parts from its foreign trading partner without any payment. After local processing, the firm must sell its product to the same foreign trading partner and charges an assembly fee to do so. For processing with inputs, a domestic
Chinese firm pays for raw materials to its foreign seller. The firm can then sell its final good to other foreign countries after local processing (Yu, 2015) . These two types of processing trade are thus different in terms of the underlying contractual terms vis-à-vis the foreign firms. However, they share one common characteristic that is crucial for our research, namely that Chinese firms involved in processing trade must use imported intermediate inputs in order to produce the final good for exporting. This characteristic will likely affect how processing firms respond to exchange rate changes as exchange rate changes will simultaneously affect the value of their imported intermediate inputs as well as the value of their exported final goods.
In our baseline analysis, we use the following two definitions for defining firm engagement in processing trade. First, we follow Yu (2015) and define a firm as an ordinary exporter if none of the export transactions of a given firm is coded as processing trade. Second, to account for different degrees of involvement in processing trade, we then define a firm as a pure processing exporter if all of the export transactions of a given firm are coded as processing trade, and we define a firm as a mixed exporter if a firm engages in both processing transactions and ordinary transactions. Similarly, we define a firm as an ordinary importer if a firm has no processing transactions, as a pure processing importer if all the import transactions of the given firm are coded as processing trade, and otherwise we define a firm as a mixed importer. Table 2 shows the distribution of the above-defined three types of Chinese exporters and importers between 2000 and 2011. Ordinary exporters and importers account for the majority of the exporters and importers (69% and 48% on average, respectively). However, the export and import values generated by these firms are 22% each. As for pure processing exporters and importers, the share of the number of firms and the export and import values they generate kept decreasing over the sample period under study. On average, these firms account for 16% of the total number of exporters and 37% of the total number of importers, respectively, and together they generate 33% of total exports and 15% of total imports between China and US. Compared to pure processing trade firms, the average shares of the number of mixed exporters and importers are smaller (15% of total number of exporters and 15% of total number of importers, respectively). However, the mixed exporters and importers generate a larger share of export and import values than those of pure processing trade firms (45% of total value of exports and 63% of total value of imports, respectively).
Similar to Yu (2015), we also use in our empirical analysis the share of processing trade of total firm trade as a continuous measure of the extent of processing trade engagement of a given firm.
Firm Dynamics in China-US Trade
Another key innovation of this paper is that we examine how the firm-level dynamics affect the changes in the aggregate China-US trade balance. To do so, we follow Bernard, Jensen, Redding, and Schott (2009) and Tang and Zhang (2012) in decomposing the yearly changes in exports and imports between
China and the US into changes due to continuing firms (C), entry firms (N), and exit firms (E) as follows:
where ∆ is the aggregate change in exports or imports between year t and t-1. This aggregate change of trade is composed of two terms. ∑ ∆ ∈ is the sum of change of continuing firm f's exports or imports between years t and t-1 (the changes on the intensive margin of trade), and ∑ ∈ and ∑ −1 ∈ are the sums of entering firm f's exports or imports at year t and the sum of exiting firm f's exports or imports at year t-1 (the changes on the extensive margin of trade), respectively. Using our unique firm-level trade data, we thus decompose the yearly changes in aggregate exports and imports between China and the US into the firm dynamics described in Table 3 . We define continuing exporters as firms that export in year t-1 and continue to export in year t, entry exporters as any exporters that did not export in year t-1, but started exporting in year t, and exit exporters as those that export in year t-1 but did not export in year t. Similarly, we classify different types of importers based on their import status in years t and t-1. As previously shown in Table 1 , the number of exporters and importers between China and the US increased sharply during the 2000-2011 period. Behind this net increase there were significant turnovers of firms. Importantly, these firms contribute greatly to the aggregate yearly changes in trade between China and the US. As Table 3 shows, the average annual change in exports between China and the US is USD 25 billion, to which continuing firms contribute roughly 91% of the increase, entry firms contribute roughly 38% of the increase, and exit firms contribute roughly -28% of the increase. Similarly, continuing firms contribute 90% of the average annual increase in imports of about USD 9 billion, entry firms contribute 20%, and exit firms contribute -10% of the increase.
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These preliminary findings suggest that firm dynamics should play an important role for our understanding of the trade imbalance between China and the US.
4.
Empirical Analysis
The Impact of Exchange Rate Movement on Changes of Firm Exports and Imports
We first examine the impact of exchange rate changes on firm export and import values when explicitly considering firm involvement in processing trade. In contrast to the traditional approach of using aggregate trade data and time-series analysis (e.g. Cheung, Chinn, and Qian, 2012, and Thorbecke, 2006) , we follow the more recent literature in using disaggregate firm-level trade data and panel-data estimations (e.g. Amiti, Itskhoki, and Konnings, 2014, and Tang and Zhang, 2012) . Specifically, we estimate the following regressions:
where f, i, and t represent firm, industry and year, respectively.  ln ( ) denotes the percentage change in Chinese firm f's exports to the US and  ln ( ) denotes the percentage change in 17 These decomposition findings are similar to those of Bernard, Jensen, Redding, and Schott (2009) but different from those of Tang and Zhang (2012) . The former decomposes the yearly changes of US total exports and find that annual changes in US exports are almost exclusively driven by changes in the intensive margin (changes of exports by continuing exporters). However, the latter decomposes total Chinese exports and find that the intensive margin only accounts for about half of total export growth between 2000 and 2006.
Chinese firm f's imports from the US from year t-1 to t. ∆ ln ( ) is the percentage annual change in the nominal CNY/USD exchange rate 18 . The sign and magnitude of the estimated parameter α is of main interest. Since the exchange rate is measured in CNY per USD terms, we expect α to be positive in our export regressions and negative in our import regressions (consistent with the notion that a depreciation of the CNY relative to the USD will, on average, lead to an increase in export values and a decrease in import values).
In all our regressions, to take into account the substitutability between Chinese goods and goods from other countries, we control for the weighted exchange rate of the CNY relative to other Chinese trading partners. 19 We also use the percentage changes of US GDP and Chinese GDP to control for the impact of demand on firm exports and imports. Furthermore, we use time trend and square time trend to control for the aggregate trend in firm exports and imports, and we control for unobserved demand and supply changes at the industry level by including industry fixed effects. Finally, since our context is panel data at the firm-level, we are able to use firm fixed effects to control for any unobserved firm-specific characteristics that affect firm-level export or import changes. Our standard errors are clustered at the firm level.
Importantly, we extend our baseline regressions to consider the importance of processing trade involvement for the firm response to exchange rate changes. To do so, as discussed in Section 3, we classify firms into different groups depending on their degree of involvement in processing trade. In our baseline regressions we distinguish between ordinary, mixed, and pure processing firms and estimate
Equations (2) and (3) for the three different groups of firms separately. Doing so allows us to answer our research question regarding whether different degrees of processing trade involvement is systematically related to the firm response to exchange rate changes.
18 As Tang and Zhang (2012) point out, most of the adjustments of Chinese firms in response to exchange rate changes take place in the first six months of the exchange rate change. Therefore, in our baseline analysis, we use the contemporary annual exchange rate change. In our robustness section we consider 1-year and 2-year lagged exchange rate changes. 19 This weighted exchange rate index is calculated using time-varying trade weights across the top 30 trading partners of China (excluding USA) in each year and bilateral exchange rates between the CNY and the respective trading partner currencies. See Thorbecke (2006) .
We also extend our analysis by interacting the continuous variable, the share of processing transactions, with the change in the exchange rate in order to provide an additional layer of evidence in regards to how firms react to exchange rate changes given their degree of processing trade involvement.
To do so we propose the following regression model:
where denotes the share of processing export/import transactions for firm f in year t.
An increasing share of processing exports indicates that firms need more imported inputs in order to export. When the CNY depreciates, the higher cost of imported inputs may increase the marginal cost of production and hence dampen the positive effects of the CNY depreciation on the export value (and vice versa for CNY appreciations) Accordingly, we expect the coefficient estimate to be negative in our export regressions and positive in our import regressions.
Panel A of Table 4 presents the baseline regression results regarding the influence of exchange rate changes on firm exports. As Column (1) shows (Equation 2 without considering processing trade), our estimate of the overall export elasticity is 1.351, implying that a 10% depreciation (appreciation) of the CNY is associated with a 13.51% increase (decrease) in exports from China to US. Columns (2) to (4) show the results of our analysis when we incorporate our classification of firms as being either ordinary, mixed, or pure processing firms (Equation 2 with considering processing trade). The results are striking.
For ordinary exporters the estimated export elasticity is 3.09 and statistically significant. The estimated export elasticity for mixed processing firm is also positive and statistically significant but smaller, at about 1.30, suggesting that partial involvement in processing trade dampens the positive (negative) effects of CNY depreciation (appreciation) on exports. For pure processing firms, however, the positive (negative) effect of CNY depreciation (appreciation) on exports is no longer statistically significant, implying that for processing firms there is no discernible exchange rate effect on exports. The reported Chi-square test statistics show that the export elasticities across ordinary, mixed, and pure processing firms are statistically different.
Column (5) reports the estimates of the interaction effects of exchange rate and share of processing transactions on firm exports (Equation 4). As expected, we find that the estimated coefficient on the interaction term is negative, and statistically significant, indicating that as the share of processing transactions increases, the positive (negative) effects of CNY depreciation (appreciation) on firm exports gets smaller.
Panel B of Table 4 presents the regression results pertaining to the impact of exchange rate changes on firm imports. Column (1) shows that our estimate of the overall import elasticity is 1.617, indicating that a 10% appreciation (depreciation) of the CNY is associated with a 16.17% increase (decrease) in imports from China to US (Equation 3 without considering processing trade). Columns (2) to (4) We find that the estimated coefficients of the trade-weighted exchange rate of the CNY relative to the currencies of other countries are always statistically insignificant. Furthermore, we find that the income elasticity of Chinese exports to the US is significant. The estimates of the income elasticity of Chinese imports from the US, however, are
The Impact of Exchange Rate Changes on Firm Entry and Exit
We now turn to the analysis of the influence of exchange rate changes on firm entry and exit in China-US export and import markets and, once again, we consider whether firm responses differ across different degrees of processing trade involvement. Our starting point is the following regression models:
where f, i, and t represent firm, industry and year, respectively; is the probability of export or import market entry and equals 1 if firm f does not export to the US or import from the US in year t-1, but starts exporting to the US or starts importing from the US in year t; equals 0 if firm f keeps exporting to the US or keeps importing from the US during year t-1 and t; is the probability of export or import marke exit and equals 1 if firm f exports to the US or imports from the US in year t-1,
but not in year t; equals 0 if firm f keeps exporting to the US or keeps importing from the US during year t-1 and t. 21 Consistent with our discussion of the focal parameter estimate α in the context of our earlier regression models, we expect α to be positive in our firm export entry regressions and negative in our firm export exit regressions and, similarly, we expect α to be negative in our firm import entry regressions and positive in our firm import exit regressions.
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In the same fashion as before we also extend our entry/exit analysis to take into account firm involvement in processing trade using our distinction between ordinary firms, mixed processing firms and pure processing firm. To do so we estimate Equations (6) and (7) separately across each of the three types of firms and, in turn, compare the firm type specific parameter estimates of α.
not statistically significant. These findings are generally consistent Cheung, Chinn, and Qian (2012) , Thorbeck (2006) and others. 21 The empirical setup described by Equations (6) and (7) follows Tang and Zhang (2012), and Li, Ma, and Xu (2015) . 22 As in the previous estimations, we control for the weighted CNY exchange rate, the impact of demand on firm entry and exit, the aggregate trend in firm exit and entry, as well as industry fixed effects. We cluster the standard errors at the industry level to adjust for within-industry correlation of residuals.
Finally, also as before, we interact the share of processing transactions with the exchange rate variable and, to do so, estimate the following regression models:
where all variables are as previously defined. Since a depreciation (appreciation) of the CNY is associated with higher (lower) cost of imported inputs and thus an increase (decrease) in the marginal cost of production, an increasing (decreasing) share of processing exports is likely to partially offset the positive (negative) effects of CNY depreciation (appreciation) on export entry. Accordingly, we would expect the coefficient estimate to be negative in our export entry regressions and positive in our import entry regressions, and vice versa with respect to export and import exit. Table 5 presents the results pertaining to Equations (6) and (8). We report the marginal effects of probit regressions in order to facilitate a comparison of magnitudes. Panel A reports the estimated probability of a Chinese firm entering into the export market. Column (1) of Panel A shows that there is a statistically significant and positive relation between CNY changes and the probability of firm entry into exporting. Importantly, this relationship between exchange rate change and probability of export market entry differs significantly across firms with different degrees of processing trade involvement. As
Columns (2) to (4) show, ordinary exporting firms are more likely to enter into exporting to the US in response to a CNY depreciation compared to mixed processing and pure processing firms. The results reported in Column (5) offer further evidence that the likelihood of export market entry in response to currency fluctuations depends on the intensity of processing trade in overall firm exports.
Panel B of Table 5 reports the estimation results of the probability of entering into importing from the US. Consistent with our priors, we find statistically significant and negative relationship between changes in the CNY/USD rate and the probability of import market entry into. Again, as Columns (2) to (5) show, this relationship differs markedly across the different degrees of processing trade involvement.
Turning to the estimation results pertaining to Equations (7) and (9), Panel A of Table 6 shows the estimated probability of export market exit and Panel B of Table 6 shows the estimated probability of import market exit. Column (1) of Panel A shows that, overall, a depreciation (appreciation) of the CNY decreases (increases) the probability of firm export market exit. The positive effect of CNY depreciation on firm survival in the export market is stronger for ordinary and mixed processing firms (Columns 2 and 3) but statistically insignificant for pure processing firms (Column 4). Interestingly, the magnitude of the positive effect on survival is decreasing as the share of processing trade is increasing (Column 5). The import market exit results reported in Panel B virtually mirror the export market exit results.
Counterfactual Analysis of Economic Effects
We now use our firm-level estimates to facilitate a counterfactual "back-of-the-envelope" calculation in an attempt to quantify the China-US trade balance effect of a 10 percent appreciation of the CNY against the USD. Our starting point is to rewrite our Equation (1) decomposition of total exports and imports changes as follows:
Employing our regression models and coefficient estimates of the previous section, a 10 percent appreciation of the CNY will change exports and imports as follows:
We initially treat all firms as homogeneous and apply the coefficient estimate for from Column (1) of Table 4 , the coefficient estimate for from Column (1) of Table 5 , and the coefficient estimate for from Column (1) of When we distinguish between ordinary, mixed, and pure processing firms we make use of the coefficient estimates from Columns (2) to (4) in Table 4 for , the coefficient estimates from Columns (2) to (4) in Table 5 for , and the coefficient estimates from Columns (2) to (4) in Table 6 for . The counterfactual calculation results are reported in Panel B of Table 7 . They suggest that the 2011 trade imbalance between China and the US would have been USD 70 billion less had the CNY appreciated by 10%.
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Although by construction imprecise and merely indicative, these counterfactual findings are particularly illuminating as they not only suggest that the economic effects of exchange rate changes in regards to the trade balance are very substantial, they also highlight the importance of explicitly considering firm level heterogeneity in the trade sector exchange rate response in order to avoid underestimating the economic importance of exchange rate changes.
Robustness Checks
In this section, we check the robustness of our main results by considering the firm level trade effects of real rather than nominal exchange rates, by employing alternative processing trade firm definitions, by assessing the effects of lagged exchange rates, and by analyzing separately the post-exchange rate reform period.
First, we re-estimate all models using two different real exchange rates series instead of the nominal exchange rate employed in our baseline estimations. Our first real exchange rate measure is calculated in the traditional fashion by adjusting the nominal rate for Chinese and US Consumer Price Index (CPI) while our second real exchange rate measure is a non-traditional real exchange rate 23 The results shown in Panel B indicate that most of the hypothetical trade imbalance reduction stems from exchange rate induced changes in the exports and imports of continuing firms (decreased exports from China to the US by USD 85 billion and increased imports by China from the US by USD 15 billion).
calculated by adjusting the nominal rate for Chinese and US unit labor cost (ULC) to more directly account for the cost difference across countries. 24 The results of the re-estimations are reported in Table   8 .1. As the table shows, regardless of whether we use CPI-adjusted and UCL-adjusted real exchange rates baseline findings remain unchanged.
Second, we re-estimate our models using two alternative firm processing trade definitions. For our first alternative definition we follow Yu (2015) in defining a firm as a processing exporter (importer) if a firm has at least one export (import) transaction coded as "processing trade" in a given year and define a firm with no export (import) transactions coded as "processing trade" in a given year as an ordinary exporter (importer). Our second alternative definition follows our baseline approach in distinguishing between three categories of firms, only this time a high processing firms is defined as a firm with over 50% of trade transactions in processing trade, a low processing trade firm is defined as a firm with greater than 0% but lower than 50% of trade transactions in processing trade, and finally an ordinary firm is defined as a firm with no processing trade transactions. The results of the re-estimations are provided in Table 8 .2. As the results show, when we define each firm as either ordinary or processing, and estimate their export or import exchange rate elasticities separately, we consistently find that the export or import elasticity of ordinary exporters or importers is significantly larger than those of processing exporters or importers (as indicated by the statistically significant χ-square test statistics).
Similar findings hold true for the influence of exchange rate changes on the likelihood of China-US export or import market entry and exit. These results are even more pronounced when comparing the results across ordinary and high processing firms.
Third, to assess the influence of lagged exchange rate changes on firm level trade we replace the contemporaneous exchange rate with the 1-year and, in turn, 2-year lagged exchange rate. The results are presented in Table 8 .3. As the table shows, the re-estimation results are quite consistent with our 24 ULC is the ratio of average wage over labor productivity, whereas labor productivity is the ratio of real GDP over employment. Chinese and US CPI are obtained from Chinese Statistical Bureau and the US Bureau of Labor Statistics, respectively. Data for calculating Chinese and US ULC are obtained from the China Statistical Yearbook and from the US Bureau of Economic Analysis. Figure 1 shows the evolution of the two real exchange rate series juxtaposed against the nominal rate.
previously discussed baseline findings and, particularly, reaffirm our main conclusion that different types of firms in terms of the degree of processing trade involvement respond differently to exchange rate changes.
Fourth, since the changes in the (nominal) exchange rate during the full 2000 to 2011 period under study mainly occur after the 2005 exchange rate reform, we redo our analysis on the sub-sample of observations belonging to the post-reform period. The post-reform sub-sample results are presented in Table 8 .4. Again, the findings are consistent with our full sample baseline results.
Conclusion
This paper provides an empirical micro-data analysis of the macro effects of exchange rate changes on the aggregate trade balance. Specifically, we use Chinese Customs Data at the firm level to decompose the China-US trade balance into firm-level outcomes and to examine how the exchange rate affects these outcomes. We analyze how different types of firms in terms of processing trade involvement respond to exchange rate changes, and we provide a counterfactual assessment of the effect of a 10% CNY appreciation against the USD on the China-US trade balance using our firm-level based coefficient estimates.
Our results suggest that the influence of exchange rates on trade flows is stronger than previously thought and that the premise underlying the policy debate on beggar-thy-neighbor policies and currency wars is, in fact, valid. Moreover, our results indicate that the response of Chinese firms to exchanges rate changes in terms of either export or import values or in terms of the likelihood of export or import market entry or exit strongly depends on the extent to which firms are involved in processing trade. For ordinary firms with no processing trade involvement, we find large export and import exchange rate elasticities. As the degree of processing trade involvement increases, we find that the elasticities become significantly smaller and, for pure processing firms, the negative impact of appreciation on exports and positive impact on imports are statistically in significant. We find similar results when estimating the impact of exchange rate changes on export and import market firm entry and exit. Overall, the results of our firm-level based estimation of trade elasticities suggest that the China-US trade balance respond strongly to changes in the CNY-USD rate, especially when we distinguish between different degrees of firm-level processing trade involvement.
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